The mechanical property of the RGO/PPy nanotube/Fe 3 O 4 aerogel (GPFA) was tested as shown in Figure S1 . The results exhibit that it can bear at least 153 times larger than its own weight, thus it has good compression strength.
Figure S1
The picture of the mechanical test of the GPFA composite For comparison, we crushed the GPFA into powders and mixed with wax to obtain sample GPFA-S, which possessed the same mass ratio of about 4.08 wt% as the sample GPFA. The EM wave properties of sample GPFA-S were tested and the results are shown in Figure S2 . As shown in Figure S2 (a), for sample GPFA-S, the values of ε' and ε'' decrease with increasing frequency from 5.98 to 3.33, and 2.33 to 1.36 respectively in the range 2.0-18.0 GHz. As reported previously, low conductivity would lead to low permittivity due to the free electron theory, 42 thus the conductivity of sample GPFA-S is decreased compared with GPFA. Moreover, the μ' and μ'' S3 values of GPFA-S are also lower than GPFA. The loss tangent indicates the inherent dissipation of EM energy for material, and higher values of loss tangent indicate that more EM energy will be consumed. As shown in Figure S2 (b) , the values of the loss S4 tangent of samples with smashed GPFA are much lower compared with 3D GPFA.
Thus, the samples with smashed GPFA should have much weaker EM wave absorption abilities than the 3D GPFA composite. As shown in Figure S2 (c), the maximum RL value of GPFA-S are -15.0 dB at 8.55 GHz with a thickness of 4.5 mm, and the bandwidth of RL below -10 dB are 3.0 GHz in the range of 7.45-10.45 GHz, which is significantly decreased compared with sample GPFA. By using 3D ultralight GPFA as a unique integrated filler rather than dispersing crushed fillers into the matrix, we can prevent RGO sheets from aggregation such that the effective conductive interconnections could form at relatively lower loading. Thus, 3D GPFA could be an ideal candidate for absorbing EM waves. The magnetic property of the GPFA composite was tested and the results are shown in Figure S3 . As shown in Figure S3 (a), the fabricated GPFA can be attracted to the magnet, exhibiting that the composite aerogel possesses good ferromagnetic performance.
The magnetization curve of GPFA is shown in Figure S3 (b), and the magnetic field versus moment (M-H) measurements of the sample was performed at room temperature (300 K). It can be found that the saturation magnetic moment is 22.1 emu/g for GPFA, and no remanence and coercivity are observed for the GPFA composite, which indicates that the magnetic GPFA is superparamagnetic. In principle, the superparamagnetic contribution could lead to the improvement of the microwave absorption as described in previous reports. 1 The introduction of Fe 3 O 4 nanoparticles can generate some magnetic loss, which can dissipate some incident EM wave energy, and besides, it is also beneficial for better impedance matching between dielectric loss and magnetic loss of the GPFA (Figure 8(c) ), which will lead to better EM wave absorption properties. Samples with different amounts of PPy nanotubes were prepared and their EM wave absorption properties are compared with GPFA as shown in Figure S4 . The fabrication process is the same as sample GPFA and the PPy nanotube amounts are 90 mg for sample GPFA-1 and 150 mg for GPFA-2 respectively. The reflection loss curves of sample GPFA-1, GPFA and GPFA-2 at different thicknesses from 2 to 5 mm in the frequency range of 2 -18 GHz are shown in Figure S4 . It can be found that the maximum RL values of GPFA-1, GPFA and GPFA-2 are -34 dB at 10.1 GHz with a thickness of 3.5 mm, -49.2 dB at 11.8 GHz with a thickness of 3 mm, and -39.9 dB at 5.55 GHz with a thickness of 5 mm, and moreover the bandwidth of RL below -10 dB are 4.65, 6.1, and 2.15 GHz respectively in the range of 8.3-12.95, 9.8-15.9, and 4.65-6.8 GHz respectively. The results exhibit that the sample GPFA exhibits the best EM wave absorption performance.
As the equations (1) and (2) described in the paper, reflection loss is significantly influenced by relative complex permittivity (ε r ) and permeability (μ r ) of test sample.
To investigate the possible EM wave absorption mechanism of the above samples, we measured the relative complex permittivity and permeability of the samples, and the variation curves of complex permittivity real parts (ε') and imaginary parts (ε''), complex permeability real parts (μ') and imaginary parts (μ'') are show in Figure S5 .
The real part of the complex permittivity (ε') represents the storage ability of the EM energy. As shown in Figure S5 (a), for sample GPFA-1, GPFA, and GPFA-2, the values of ε' decrease with increasing frequency from 7.83 to 3.66, 8.66 to 4.02, and 9.90-4.76 nanotubes can lead to better conductivity of GPFAs, thus more incident EM waves are reflected rather than absorbed, so the EM wave absorption performance of sample S8 GPFA-2 is decreased. As shown in Figure S5 (c), the sample GPFA shows better impedance matching between the dielectric loss and the magnetic loss than GPFA-1 and GPFA-2, which leads to best EM wave absorption properties. Figure S5 (a) Real part (ε r ') and imaginary part (ε r '') of the complex relative permittivity, (b) Real part (μ r ') and imaginary part (μ r '') of the complex relative permeability and (c) The loss tangent of GPFAs with different PPy nanotube contents in the range 2-18 GHz
